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abstract 


T!i® aim of the present investigation has been to m she a 
new and more accurate measurement of the age of Pluto^.J.uE 
Beryllium source neutrons in water# This has been the first 
among the series of age deter** In at for. experiments that will 
be done in the nuclear Tin:! naorfr-j? Laboratory. 

4 literature surrey on the age measurements has been sad© 
with a brief reference to the historical disagreement between 
theoretical and experimental values of the age of fission nett* 
irons to Indium xeeonance# The age of neutrons of the Plutonium- 
Beryllium neutron source to Indium resonance has been o:c;' on- 
tally measured using th© foil activation method# The correc- 
tions to be read© on the measured vain® of the age du© to Unit® 
sis© of the source* change In the density of water etc# are 
calculated# 

The flm perturbation due to introduction of a different 
materiel in & medium is negligible if the moderating ratio of 
that material 1« the #®p@ as that of th® medium# lienee the 
flux perturbation eaueed by the structural elements used t» 
to hold and suspend the sours®* foils etc# has been minimised 
by aaleing them out of materials life® Perspex Chuctte) and 
nylon which have similar Slowing down properties as that of 
water# The activity of the Indium foil is corrected for tho 
contribution of tho activity due to M^i energy neutrons# m 
error analysis of the experiment it done and tho error in th® 
final ag® value do# to error in the activity measurements and 

du« to orror in th® distance measurements has been calculated* 
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tli® »g® of a nmtmn in a median! is a measure of the slow- 
ing town length between Wo energies say from fission energy to 
thermal energy « Actually* th® ago of a neutron in a moderating 
medium is defined m om sixth ths agrafe square distance a 
neutron travel# daring slowing Sown frees a high energy to a lower 
energy* ftms th® iaj^rtanos of age measurements lias in th® fast 
that to® ago Value of neutron gives an idea of th® leakage in a 
fiait® nuclear reactor systs®* Thus* th® age value Is on® 1 of ttm 
important reenter design parameters# 

1 series of age determination experiments with different 
moderating media wash as pare voter* /Juwtmm water mixtures «t»* 
ar® proposed to to j^rforssed in th® Unclear inginoering habere* 
tery* fh® pres«nt experiramt is th® first on® in this series* 

Xt includes totting up of th® hardware apparatus and th® count* 
in* system m& tb®r* the s®asar«r«t of th® ago of Fm * Be neuii* 
OHS' in par® light water* the r® gaits of this reasarsmaftt add to 
the «Kporlm®atal evidence for th® historical disagreement between 
theeretieel end oapostnmtti filuts of th® ago of neutrons in 
hydrogenoous media. 
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^here Is considerable eernt of interest In the ago deter* 

mlnation experiments because of the disagreement between the 

theoretical «ad exportr/y^al values of ago of neutrons la hydros 

geaeous moderating media* This disagreement has boon wall #st»* 

blished for the oast of the ago of fission energy ri.m.tvons to 

Xn&Sxm resonance* SoeiBe? et* si# have given a good review of 

©osgmted sad tieagsiriid ages of fission energy neutrons to Indian 

resonance* In tables 1 and 2 sous® of their data are rep induced 

to show this discrepancy. The calculated values of age cluster 

2 

around 26*0 £ 0.6 ess sad the experiments eonsistontiy yield 

▼allies ©f about 30.6 4 1*6 <sa 2 • Thus the experimental values 

mm SK$ higher than the theoretical ▼aims. Also* a wry good 

review of the reasons for this discrepancy ©an be found in a 

3 

paper by OoldsteijR* The discrepancy is attributed mainly t® 
the errors in the caleulated value® due to the uneertatetiee in 
the oxygen exons section specially at high energies and the vm» 
certainties in the genre# spectrum. ' 

In the past few years* ag© measureneots in different media 
with different sources have hem carried out* 4 few of these are 

r 

stationed in table 3. 

bombard, and Blanchard 6 determined the age of 'fission non* j 
irons te Indian resonance* this was done to instigate the j 

errors in the value end in on etteapi to clarify : 

the outstanding discrepancy between theoretical end experimen ta l ! 
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values* Tlw effect of distortion of the flux by the foil was 
discussed* Til© activity ott.a3.nod by measuring only the side of 
the foil which faced the source is called the front a •/**:;' and 
the activity obtained by ~ci.Tv.r*3.rc only the side of the foil 
which did not f&m the source is called the back activity of t to# 
foil* The expressions for the front and the bach activities of 
the foil, in terns of £taac wore derived* 

g> 

Doornar at* al* ' dotor-ilned the effect of foil thickness 
on th© ratio of front to fcac& activities of foils. Da duren 
et* al 10 measured the ago of (D,S)} source to Indium resonance* 
They found that the comparison of this age with theory been®# a 
difficult duo to the uncertainties In the oxygen cross section 
at high clergies* It was also found that the effect caused by 
Luclto (Jorqpce:} foil holders In water results in a foil acti- 
vity Chang# of less than I$* The correction for the activity 
of the foil due to the finite attention of foil was analysed by 
mmM®v&rn the variation of the foil activity over its surface* 
this Was found to be loss than !$#. 

Campbell et* cheeked the Irradiated Indlwa foils for 

activities other t tom the S4.6 nliaxte activity of Indls®*»116# 
The only other significant activity was the 4*§ hour activity# 
But this restilted frost the high en@s*gy neutrons and only thoaa 
foils within 4 mm of tha' fission ware® were affected# 



counts is noted* The differs* ia these two counts is iifcen 
: '^'Crt.l:;;ia‘ to the slowing down density past the Indian ressw 
nano® %mrgf» This isathod appears to be sensitive*. faster and 
precise for the totor^rtier. of the slowing down density* 

0raha» Foster Jr hm determined the age of Ka-Be neutron* 

(a ’nonoenergitie source) la pur® water and kerosene* The rea- 
sons for discrepancy da© to meertateties la the neutron *jpa®tvn"; 
and due to variation of the cross section of oxygen* do not affect 
these Teagozoneots* Kero sea* being a hydrocarbon Hie second u&» 
certainty is eliminated# The tfa-Be source is well known laono- 
energitle source (970 Zm) and hence the first uncertainty ®*en#» 
tinned above is rsraoved* The above two facts wens thus confliwed 
as the age values of Sa**iie neutrons in water and kerosene agreed 
very well with the theeretiial values# 

t 



needed to got high activities in the folln for ago noasuroaenfc* 
The other- errors can be alnlr&sed by using a minimum of strue-* 
turol material m<& also using materials hairing stellar slowing 
down prxv-r;?*'!^ as the medium* dine© the errors associated with 
experiment are not arn* ict-cly rm^r***, oenniterdste uncertain* 
ties prevail to the*© values. 

of 

The only measurement made for the ag©/Pu*B© neutron source 

1 

In pure water* up to date, is that by Valent© and Sullivan. 

Their experte.cntal value of age of f : u»B© source to Indium peso- 

g 

nance Is 52,8 % 2,5 m * They used stainless steel vise to 
suspend the souse® and Mxvri n»r rods to suspend the foils. The 
effects of those in water in causing flux rc-rturhatior: wore neg«* 
looted, AlaOf they noflootod the effect of high energy neutron 
activation of the Indium foil In age deter illation. The age of 
Fu~Be source to silver and Bhodiwn resonance© and the age of 
Fo~B© neutron source to Indium resonance were al to det tizr.:lne&* 

The present vorfc was tafcea up to »Uke a new and accurate 
measurement with the Fu*Be source since* not much of experimental 
data, exist and to try and eliminate sots® of the discrepancies If 
careful eKpsrte.er.t&tioftf like* the errors due to high or isrgy 
activation of Indium • 1X5* using ayl©» thread for suspending 
foils and mmm* 
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2*1 

Age of neutrons of energy to a lwe? energy E, An a 
»ioderatieg Indian is defined as one sixth the m erage «|uar» 
distance a neutron travels as It slews down fror. to XU In 
an infinite nGderatins r.edlum, the storage square distance is 
given hy 

*■% m 4 oo 2 

r* * f ? <| (?, K) 4 ? / f y q tr* E) dr Cl) 

© 

whore <t (n, 2) « slowing down density of neutrons past the 

energy E at a distance r from the source* 

Hence, for a point isotropic and masanergit io source in an in* 
finite moderating medium the expression for age is given hy 

/ - 0 © e 

r 1 q <r, t f ) dr/ j* r g <r, s f > dr 

'O © 

(a) 

where * is the source energy and is the final eneno' to 
'Which age is measured. 

In practice, most of the sources ere pelyoitergltlo and hmm 
age iateiml&gi frost gash energy distributed sources, lose* ite 
exact ieftnttteii* Age for such sources is explained in the 
following manner* for a polyenergitie point source emitting 
8 Cl) if neutron® in the energy interval (I, S + dl) the slowing 
down density past the energy B^ ig f tr, 1 «► %) 



« * 


Total slowing down density 
for the* source mutmm 


to 


q (r$ i*^3 ®* J S(S) q (r>B ♦ &£ 


/4 OO o 

r q Cr* E f ) fir / / r q <r» £*) dr 

i ®‘ ^Sk *** 


£ F 1,4 f (r, B *» %> dE dr 
so m « 

w ar s(B) q <r ? I ~>S f ) dE Ar 


For an infinite nedlon with no afccor&tlon 

<S* 

» qp « 

J 1 J 4*lT q (r* 1 E f > 8 (8) dis dr 

© £. 

* CO 

whore 8 » source t:\ttr -tty » j s Cl) dB 


Sufcotltastin? (6) In CS) we gat 

co ^ r 4 S <E) q Cr» g «►%) dB «*/(S/4iT ) 

T(Sp » 1 o' 7 c y 


If / / ** s(e) q (r$ s -*$,►) di dr 


vtoaf* X ^ ’♦Bp * 


m 

/ s (E)T(s ~ %> dE 

* CO 4 

X mf r q (r* s ♦ 


® g 


#/ r q (ff E «*%> dr 


m m 


f r % q (r* s *»ip dr 
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It a fell is kept at a particular distance r frm the 
neutron source in a ao&erator* the activity of the foil is 
given fey 

CIO 

A <r) ** S f M f <%■ <s) * *** E} is W 

©r * 

where V « wl®e of the foil 

I|» « Atom density of the foil 
0 ^ * Microscopic absorption cross section of the foil 
0 (r* 33)dB« flux ©f neutrons at a distance r, fro® the source 
and in the energy iaterral S and B ♦ ffi 

As the age diffusion approximation, it may fee assoaed that 

g (r f i) X 0 Cl) 0 Cr* E> dB (10) 

where ^ * AWerag© logarithmic energy decre!«*nt per collision 

X (g) » Macroscopic scattering cross section of the nedlna 
s 

at energy E# 


substituting (10) in Cf) 

A 


<*>* VK f /Vtf < B) ^7 


tr* E) «B 


T'X 


(11) 


VsSng 'a eadelam cowered folly all thoawal neutrons can 
fee eiiataatei mi pretested txm reaching the foil, tt mm 
fell ha* a high resonance peak theRf 


A <r> * v % J C 

res* 


J 


, ( S ) jLiniL 

** « ^ <E) E 


f <b> as 

T I, , <*» K„„) ^ 8 . ^ . — - 


( 12 ) 



It is assumed here that the slowing down density 
<t Cr* ) is constant over the to 

Substituting for « (r» B } from Ci2) into (2)* the 

Jfltlll#- 

useful o^recsicn for ©o^-orinout&l age determination Is obtain- 
ed a® 

^ ^ 03 S 

T(K g *eE f ) « f J' A M T dr / J* k (?) r dr (13) 

The final energy eorrespohds to the energy of a reso- 
nance level* usually above the thermal energy such m Indium 
resonance energy (1*46 #v). The age to thermal anew cannot 
he determined as It is not possible to distinguish between the 
neutrons which are Just thermallsed ana those which have been 
diffusing for some time after they are thermalised* 

»*8 

The activity of an isotope on irradiation by neutrons can- 
not be measured* but the number of radioactive particles emit- 
ted by the product Isotope in a period ©f time can be counted* 
This quantity is In turn related to the activity A (y) of the 

JlYXMSyr 

Suppose a primary isotope with number of nude! per unit 
volume eguel to ** x (in a foil for®) is irradiated by neutrons 
in a moderating medium at a distance r from & point source to*- 
cated in Idle medium* for a time % and the product nuclide 
formed is radioactive with >«§ the decay constant* let the 


a 
f: 

irradiation is stopped# Then tbs decay fata equation far tho 
pjodisei nxM&iO® with th© masher of imcloi mrvivir^ at time 
%f espial to Ig i« gtoeij fey th# following equations * 

Bat© of change of lumber of product nuclei 

* lata of formation - Hat© of decay* 


t f s r»(s )0 (r* f.) IE - X H, 

^ 1 if S 


(14) 


Where K Is the atom density of the primary isotope* 

▼ is the solum© of the foil and <r^. Cl) is the activation 
cross eectioft of the primary iootope* 
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Activity of the product nuclide 
at time *t* after Irradiation 
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The variation of activity both luring irradiation and 
after lrra:b?.ut)cn Is shorn In Fig* 1. 


# 

Total number of counts r 2 -At#, -At 

» J A (r) Cl - e °) # dt 
in time interval (tg - t^) hj_ 

* r —A t e —At* — Aiu 

- Cl - • °) C« 1 - • 

W) 

If C is the cumber of counts recorded by a detector in 
time (tg - t|) and B Is the background counts during tide tint* 
then 

a fm% * -At* —Ate -A t« 

(C - B) » AdJtt Cl-# *) ( # ^ - # H ') 

A 

m 7 \ t m A t* - A |u 

.; a c*> » cc - »> * / ci - * °) c • - • 

(SO) 

f he activities of Irradiated foil# are calculate from 
equation (»>* 
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23^ ©f Indian - 113 f aJP© proposed to be used in the ©sp©rl~ 
nt* flsa decay sod©i* of th© isotopes of Indium ©to analyaod 
low. Both Indium - 113 and Indies - 115 •etpit m aotlvitiea 
idea neutzon irrs^ir.tion* 
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Because of the snail motion of la present, the 

H3 

aetlMtiei due to la ar© negligible* • By counting ih© folia 
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la neutron age determination experiments the neutron 
flax at a point cm b© either determined by foil activation 
or by measuring the flux directly by a neutron sensitive de- 
tector* Highly per® foils were available and hence foil 
activation method was olio sen* In any age determination expe- 
riment using the foil activation methods the following etgulp- 
sent are needed* A tank for containing the moderating medium* 
an afTcngeaetsb for suspending the foil holders and source 
holder* an arrangement to hold the foils and source* the median 
and' the counting set up* The detailed description of each app- 
aratus and ttie reason for its mlmttm Is given below t 

.Alui&gy^^ 

The moderating medium for age determination, i*e»* water 
i« contained in an Cmdxtm tack of 122 mm x t M mm m t M mm 
sleet which was fabricated at H*JuI» Kanpur* with «.3§ m thick 
plates using Argon are welding* Alusim® was used mainly to 
overcome the troubles due to corrosion and the radioactivity 
that the tank may acquire due to long exposures to neutrons* 
Three chromium plated mild steel angles were fixed at tha top 
©f idi# talk as $»w» in Tig# S. The fa * Be neutron pcevea 
was suspended by a nylon thread from the center of the tack 



the foil* if a second foil is kept within such a distance 
from tile first foil, the above effects of tbs first foil in» 
flueace the ft m at the position of the second foil and Is 
called the shadowing effect. Cambell ei* al* have expert* 
mentally found that the shadowing effect of foil Is negligible 
when the- separation distance between foils is about 10 me* 
Hence cans was taken to see that in no ease the distance bet- 
ween two foil® is less thm 10 cms. 

The foil holders and the source holder were mad© of 

17 

Perspex (t&dbe)« Handall et* el. found that there will be 
no flux perturbation caused by introducing a oaienial in a 
medium when the material has the same value of moderating ra- 
ti© as the surrounding medium# Perspex is the trade name for 
Methyl Methacrylate with the chemical fonmla CB^ s 0 C G%) 
COOCHg# 80 It Is also known as Smsite or Flex! glass* It has 
a ^peolfie .gravity of 1#!®* The moderating ratio for Perspex 
Is 1&3*6 While for water the moderating ratio is I47 f fence 
the perturbation of flux by Incite in pure water is negligible* 

The foil holders were kept in position by small lead 
weights suspended by « nylon thread of 36.8 erne long from the 
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bottom of the foil holder* All the foil holders were fixed 
at a depth of 67.3 me from the level of the angles* Thus 
the centers of the foils end. the physical center of the sour* 
<se were is, one plane* The contamination 1 ly dust die* of the 
pwr® water In the tank was prevented by closing the tank with 
* c0 7er made of mild stool frame and ilusdma sheet* The 
Sketch of the cover is shown in Pig* 3* This cover 
m tm slits through which the foil holders can be pulled out 
of the tank so that the irradiated foils am he taken out for 
counting* The slits sen he closed tightly by Alus&ssa covers 
with rubber gaskets* 

Cadmium covered Indium foils were used in the eapcrtaoat. 
The eadmiUB cover sets were 0*611 mm thick and 16,316 s» dia- 
meter* The Indium foils were ©*»4 m thick { 164*6 wf/em®) 
and 13*7 mk diameter* The foils were pure Indium containing 
65*71$ taP* and 4*83$ I® 1 * 3 * Indium foil® were used because 
it has a high activation cross section and the associated 
activities are practically feasible for measurement* As foil 
holders were not readily available they were designed and made 
out Of Perspex in the Precision Shop. As the experiiMUt was 
performed both with bare Indium foil and cadmium covered Indium 
foil, two separate sets of foil holders were made* The else 
and shape of these two foil holders are shewn in Figs* 4 and 3* 
The cadmium covered Indicia foil® were first enclosed la Perspex 
foil holders and then suspended in the tack* 
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experiment* is it has a ate®! cylindrical cover without any 
holding dfiviet} it had to he enclosed in a source container 
»ade of Perspex material, which to turn could te suspended in 
water by a nylon threat* The elm ana shape of this Perspex 
source holder Is as shown In Fig* 6# The suspension arrange- 
ment for this source holder 1® also shown in Fig* ?♦ 

The -PH * Be neutron source 1» an energy distributed 
source with a characteristic spectra as shewn In Fig* 3* 

It* a average onergy Is 4*3 Her# The source is cylindrical 
with ©*334 mm diameter amt 7*3 csss height* The half life ©f 
the source Is 34,300 year® ant m can be assumed to be a etea^ 
ty source* But Jordan at*, d* 1 ^ hate shewn that the cession 
rate of a fti * Be source inereacee with time depending upon 

mM m 

the amount of h * present during fabrication of the source* 

But of course this will not affect the age measurements tdnoe 

(» 

significant Increase la the emission rate can be obsested only 
after periods of «&eut a year* 

For ©^ducting the experiment, pure water i« needed* 

Tap water had a conductivity of about |POO Mere mhos \/m 
and so it had to be purified to a considerable extents The 
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analysis of the tap water la ©horn In table 4, 
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ert£!XCi& ANALYSIS OF fif MilTgS 


1 1 ' /n *jf ” r •* - ^ 

,„ & &*>}£%,■ X ‘S p , 

Total dissolved solids 

600 to 800 

Total hardness 

310 

Calelaps hartoasa 

193 

Maga®«la» hardness 

17 

Iron 

0*8 as Fa 
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Dlaaol voQ. Oxygen 

8*4 at 3S*e 

a. ^ MifwsJm Aiteniiyik 

1% * 8.3 

0*6 as dl 2 


Tb» tc^p water on distillation Viewed a ateteaiiwfty 1 of 
about 90 Bite® *hoaA«u It was fount that tea eo*«h*«stiwlty of 
tap water M&9 te ra*»*4 to 0*1 *ie*o Otea/«i % paiwfag ft 
throu g h a fsstr aofuaa d^&noraliwr plant. Sanaa it wua Atate 
M to uao teafnttalisaA water* is tea dos&neralisor plant 
vaa toftaHaft for tha first tl®a# It had to b® regenerated 
twite to as to gat water with low conductivity* After aollaate 
fat about UO0 litres of datsinaraliaaa water tea auteuraA eon* 
Auatfwity of tho water was 0*7 atesso rahoa/o®* terifaf 900 
llttea of teOtflM water was paaaed through anothir fcinera- 
Um «ai the aaasurad conductivity of this water waa 



eattle to mMm to» Itodte* 








Tli® schematic dtagnea of gag flow proportional counting 
system i« shown ia Fig* 10* ?h© counting gas used for the 
gas flew proportional detector is Xnd&ne* The Indano gas was 
dried by peaking it through Ca S 04 eoltmn before letting it 
into the The output pulses from the detector are 

amplified in a preamplifier me then the final artylif! option 
1 ® don© by the non overload amplifier* The output pulses froa 
the linear non overload amplifier are counted by the sealer* 
the waiting duration of which is In turn controlled by the 
timer* 

The difficulties in the counting set up were due to Its 
unreliable petfexmenee* First the toper®* Borylim window 
proportional detector mas tried but did not have a food pie* 
team* Tbs plateau is a characteristic curve of the detector 
showing the dependence of count rate upon the high voltage 
applied to the detector* The flattest portion of this carve 
is called the plateau, region and the percentage change ia 

ingo in the high voltage is the 

characteristic parameter of the plateau* though the sas flow 
proportional counting system has about % plate«u v it is net 
consistent and stable* the plateau for the das flow propor- 
tional rnmMm «r»t©» was obtained using a tJrsniass m Mi 
source which was «ad© in the laboratory* Bat the deteeter 
cannot be used for activities with small half lives »!**©» a 
minimum time of about 8 minutes is needed for flushing the 


yttyUR C p: 06 tg>ER taULlER C&UHliN&> SET-UP 



FIGURE IQ: WlNBOWtESS GAS FLOW PROPORTIONAL MTEvTOR SYSTEM 







31 


detector cysts® with the gas end for voltage stabilisation, 
after the sample Is 5 /traduced into tbs detector. T1 m pla** 
teau of the $m ft m proportional detector Is shown in Fig* 

11* The 0.K* counting sot up asklbiteu good stability and 
reliability but it has only to Sfa plateau* lienee G«M* 

CrCTL* ’ re set up along with % highly stabilised high voltage 
regulated power supply (John Fluke) was used* The plateau 
character. c*Ac of the G*H* counting set up is shown in Fig* 

IS. The plateau of the S#K* set up was obtained mim the 
Sr * x Seta standard source, supplied by the BAHC* Trcmbay# 
The op ©rutin*; voltage was selected as USOOy and the background 
count rate of this system is about 90 ** 90 wants per »I«*tef 
without any shielding around the §#M* tube* With the ©Jft* 
tub# inside a lead castle, the background varied frow € ®p» 
to 30 dpm* 


Another cylindrical source container with good neutron 
shielding was alee nail* The scores mm kept iasid® this eon* 
tain*? when it was act being used for m ea^erteest* This ©y* 
lindrieal container Has an Aluminum boi* in the eenfcre «e hold 
the source. Surrounding this is m« 90 «*• thick anmlar pare* 
ttin wall. The paraffin wall is surrounded by a laser of beds 
add powder of Shout 8 was thickness * Tie skeidb of thde 
container is Shown in Fig* 13* 
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3 * 8 asj^a ^Lififegi 

file perspex foil holders were suspended fros the angles 
by the thin nylon threads at €7*5 ess below the level of the 
ai^le* # The foil holders were kept in position by small lead 
weight® hung fron the botton of the foil holder and M“ below 
It* the sotted® holder was suspended by thin nylon thread at 
the centre of the tank* The foils were thus kept at Inter* 
Weis of about S*§ raa starting from 5*45 ms* The thread long* 
ths were so adjusted that the centres of the foils lie la the 
;x>risontal central plane of the eylindrleal source* The per** 
pm source holder was also suspended by a nylon thread at the 
centre of the tank* The length of this thread was such that 
the centre of the source was in the plane of centres of the 
folia* The tank Is closed by a cover and it was filled with 
the deninerelised water opto a depth of about 100 css* The 
source was transferred from the shielded source container into 
the perspex source holder# The neutron flux and other radin* 
tions were ooniiored outside the tank with a neutron * surrey* 
aster and. radiation snrreyaeter and the ®«Kisoa recorded read* 
logs were 5 neutrons/ca /sec and 0*® ar/hr respectively# The 
foils were lowered Into the tank and the time was noted# The 
distance between any two foils or the distance between a fell 
end the side of the tack was kept at least 14 me. Which it 
slightly mm. than 10 cat* required to eliminate the shadowing 
effect# m**» the Indira foil in irradiated for 7 hours the 



64 minute activity will develop opto about ©9$ ©? the satara?* 
tlon activity as given by aquation (205* After irradiating 
the foil for about 7 hoars or greater than 7 hours* the foil 
was taken ©at of the task* the time at which the foil was 
taken, ©at of Hie tank Is notea and a stop watch la started* 

Ten minutes after tbs foil was taken out of Hie tanks the 
total activity of the foil was ©cmnted with Hi® 0*M* waiting 
set up for 10 aiimtea* Both sides of the foil were counted* 
This is repeated for all the foils that were suspended at all 
distances from the source* The e^erteentai data are la 

tables Bf $ mi 7 1 here distances are in centimeters and tines 
are In minutes* 

The esspos? I t:, eat was performed for the following three 
different cases to find cat the effects of thewssl neutron and 
high energy neutron activations, on the age value to Indian 
resonance* 

(a) Irradiation of hare fetes foil 

(b) Irradiation of cadet*** covered Initial foil 

(a) Irradiation of ©adaiwRt cowered Indium covered Indium 
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ffflng equation (20) the saturation activities A Cr) 
of the foils at various distances from the sows# arc cal- 
culator* the background count rate of the CJ*M* set v® causes 
an error Is the count rata recorder by the activated fell* 

The flux degression by the foil, the absorption of In reso- 
nance r_o":trr;r:j? by tbs c# cover, the finite sine of the source 
and tbs foil, and the Chang# in the density of the aedttsa are 
the factors which cause error In the value of the age* The 
corrections applied for these effects are explained below* 

A 

The unoorroctod activities A (r), A (r) r , A (r) r are shown 

in table S* 

i* MMMmLmxmtim 

The background count rate vailed fro® § *spm to W epm« 
Background count rates were recorded several tines during the 
counting an d tbs average value of these readings wag ’tween *i 
the constant badrgrousd count rate throughout the ©xperinent* 
The product of the background count rate end the counting 
time for the foils wee subtracted fm the observed counts 
for the foil* 

His fall is a good neutron absorber, the flux in 
the neighbotetiood of the foil will be depressed* Bence a 


correction factor F is used to multiply the observed 

®m|r 

eouatrate to gat tim corrected mmfbmte of th& foil* ftsi® 
correction factor given ty Tittle 31 la a ^edification of 
the original factor obtained by Botbe * It can Is® mutton 
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1 t® the foil radius; and X & are the transport and **» 
sorption SMMiXk free patbsf f*l* the macroscopic absorption 
eoeffielorjfc of the foil corresponding to the effective ther- 
mal neutron energy (Average energy of tie Maxwellian dteta&bo* 
tion of neutrons) of 0*038 at at t© 0 ®! d i® tie linear thickness 
of tlie Mil % <- h«> 1® the aspoi»tlal integral function 
t ab ulat e d for example In the table of Higher Functions* 


fie correction factor for float depression for tie Indium 
folia used in tie experiment is obtained as 1*028206. the 
activities * (*)» * <ri »®t * <r > ** ®waot.« tor thl, 
effect art 0MNNI In table ©* fie data used here are tics® 
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for eadaiwa covered la fells* Bat this will m% aff ®et the 
ago value as all the activities are multiplied by the sane 
faster* 



A fraction of the 1*46 ev neutron flux Is absorbed by 
the ad cover as It has a finite eross section at 1.46 ev* 
though It Is smaller compared to its thersaal absorption cross 
sect loo* A correction factor ha® to be applied to get the 
correct values of the In foil activity free the observed va- 
lues* This factor F c< j» which whan multiplied by the observed 
activity gives tbs activity which would have been obtained if 
there were no absorption of 1*46 m newt yon flux by the ed 
©over* tittle® 0 has given loth# 1 8 expression for t the 
average probability of absorption of a neutron by a layer of 
thickness I* as already gives by equation 26* 

If the neutron flu* <1*46 ev) at the surface of the •<ed 
©over is it the flu* at a dsptfc «d* ©f the cd cover will be 
{% » * ) §# the flu* that is experimentally measured by the 

activity of ed covered In foil is thus equal to ( 1 "* °0 8* 
If there were m absorption of In resonance neutrons by the 
0g eovert tbs flu* at the position of in foil would have beau 
equal to 8* to get the flu* 8» the experimentally aea^ared 
flu* is to be divided by < !♦«<*)* 

' ‘ ) K 

ii y ^ f & A* oC | f S®- 


m 


H«3p* the cfescryilor* cross section of cd ecyrespcnd s to 1*46 ev* 
Th© calculated value of F for the covers used in the exparl* 
ment is 1,026388* This correction will rot affect the final 
*•• value at all the activities are multiplied by the sane 
factor* Soaever* the activities a (r) f A Cr) r E * A <r) r 4 
etc* corrected for thia effect are shown In Table 10* 

** 

The finite ®is#d source used in an espevtoent Is an appro* 
attention to the theoretical point source* therefore a coirae* 
tion factor h*§ to be used on the measured activities to 
account for the flnite&oea of the source* The correction tew 
for finite Am of the source Is given in the Beaetor Handbook? 4 
The corroetica is expreseed a®$ 

0> 2 ♦ b g 8 ♦ 84 a g 2 ) « iia 

a <*fc> •!,(*,)-( — -yy “jet J _ {as) 

^ ; 0 

where t» x and 1^ ere tin length and diameter of the source* This 
expression however* strictly apea&tng* applied to rectangular 
sources end plane drooler detectors* 

* observed activity of the foil at a distance 
y # free the source (properly corrected for 
flee depression end cd ebsorptlon of In 
resonance neutrons) 

* Activity that would fee given by a point source 


Sere jl, Cil) 

m w 


* ( ** 5 
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radios of the detecting foil 

Derivative of th# ds^erinental carve ^ vs r, at 
a distance r e * 

Both the front arid back activities ar# corrected for the_ 
above effect* The activities h Cr), A Cr) r^» A <r) r 4 etc# 
after correcting for finite source si m are show Sn table IX* 

Since la has a finite cross section for energies greater 
than 1*4® m there will he mm attribution to the activity 
of the foil due to the absorption by it of high energy neutrons. 
The method need here to correct the error in the measured ac*» 
tivittes due to this effect is that given by Wade. 

At distances less then /T C/t is the slaving down length} 
from the eteree, the activity of a cd covered I® foil is tee 
to the absorption of both the 1*40 #v neutrons and the high 
energy neutrons* Covering the foils with ci and 1% Mill have 
little effect on the activity tee to high energy neutrons, hat 
the resonance activity will be decreased to a great extent* 
lens* at distances loss than /r f the activities of M covered 
In foil and *6 covered In covered In foil are given ty 

Ag, Cod) * A <X*46) * A c High Energy) <**> 

Cod V In) *► % A ( 1 * 46 ) v A (Sigh Energy) (**> 



•© ** ^he *e3Lf shielding factor for the la foils used is 

the eaperiwnt* At large distances i*e* greater thaav^T , 
th« ^r.tri7;.:tlcn of M$i energy neutrons is negligible* Hence 
at distances greater than /r , the activities of cd covered 
In and of ad covered In covered in foils are given by 

Ag Cod) * A' (1*46) (2®) 

Ag («d + In) * A* (1*46) (30) 

The activities of cd covered In covered In foils were de- 
termined at the sane distances fro® the source* at which cd 
covered la foil activities were determined* But the aetivt- 
tie® of od coveted In covered In foil activities could ba 
determined only up to a distance of 33*6 eas from the source# 
Beyond this distance the activities were very small to be de- 
tected by the 6*K* counting set t$>* Equations (20) and (30) 
were used for enly the point at 28*6 cat to calculate g^# 
Using this value of ^ the ether activities* a (1#46) at die- 
tances leas than 8t#0 ess mm deters! nod using equations W) 
and (88) y the values of activity after subtracting the high 
energy contributions are Shefltt in table K* 

6* l^ajaaa^^ 

An empirical correction factor is applied to correct far 
tb* flnlt* si** Of «* foil. Boew*r at *1® b*ra *rtew*a*l 
th* *ff*at •# roil thidemss on the Snfl non ant of th» flwc. 



fit was used for the measured data of aid mmnt of flux and 
foil thiotaoss* The relation found by than is glean as 


r fi * y- * 0*00304 d C 31 ) 

p measured 

where d * foil thl&aess in mg/om 2 

T"® * the tod nonant that sight hase been determined 
with infinitely thin foil# 


a* Treasured tod moment of flux 
measured 


This correction for the In foils weed In the aar-c^lnont, Is 
caleulated a® * O.COSGOO « s f for the ag© walme# 



The age toluss haw® to b# specified for yntw water with 
a density of 1*0 go/oe* Other things remaining iinwei*ttt» 
th» ag*> nine faries layersely with the dansity of too nod#* 
rat lug MtdSaai* Aft storage water t@mpora.tur© of It® a was 
noted during the period of the «nye*f»ent and the density of 
water at this tanparatnre is 0#$3643 g&/m* 

8 

A Age at I gm/©e » f * Ate et a densltyf • 

* # Qerreetion to he spy lied on the age walue * if* il * 

Measured age value at a densttgff • 
* fe.WSdS 3 - 1 ) * Age tele* 


mmm ? 
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MasMteai ja&J te&ia 

lining the average activities of front and badk sides of 
the foil, the 2nd nonant and the 4th mmmt of activities 1## 

ft A 

A (r) r and A (r) r respectively si* eatculated and these 

ar® int®grated with respect to distance f mm aero to infinity# 

p 4 

the variation of a (r) r mA a Cr) r with distance si*® town 
In figures 14 and 3d on sending graphs# the point at which 

n 

th« carve of In (A Cr) f > versus r becomes linear is noted 
t© be at SB #9 cans# Integration freo sere to S9#B ©as is carried 
out nuraerleelly by using id point Sanaa quadrature technique* 

The Gauss quadrature abscissae and weights used in this ealeo* 

gg 

lation are thou© reported by Daria and Babinowits# fhe 

s 

Gauss quadrature fessnie requires the values of a (r> y and 
A (r) at certain points decided by the tabulated abscissae 
values for tbs id point forte&a# the values of A <r> » and 
A (f) r 4 at these points are obtained using the aspesl&entally 
deterrfned fillies of A <y) / and a Cr) #, by bagsagfaa S»» 
terpoXaiion* the interpolation was however toe using wily 
9 points i*o« Cllnd degree curse) near the point at whim in* 
terpolation was toe* 

The integration from WS ©as to infinity is carried out 
by using the fact that at lari® distances from the source the 
slowing down density or the flea can be assumed to have an 
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ssrototic il@ty41iut3.0B given fey 

hr 

0 (r)oC 3L»» { is will be negative) 
r 

fer 

Also* A (r) cC ^rr* 

im 


>1 , . 2 by 

1*8 A (r> v * a # 


(32) 


H©n@@ the plot of la (A (r) r^) versus pis a straight 11 m« 

A least square straight lias fit was made for the values of 
In (A <r) y ) at the raining data points for r » 22*2 e»@* 
the valuesof *b* and , a* were calculated using the least 

square fit criteria* the Integration from 29*2 cm® to infinity 

*. 2 4 

wa® then analytically evaluated for both A (r) r and A (?) r # 

The distance' at which the curve ln(A (r) r^) versus r becomes 

linear will fee denoted by r ( * 29*8 ass) 



2 

4 (r) r dr * 
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ir • 



tons 
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Jhiil 


fer 2 - bn. & « 

it p b Wteyt) 

b 


(3d) 


A® 2 

the integral J A (r) r dr which was numerically as®*** 
lasted # was added to (33) to get a (r) r 8 ir* ilailaAy 

f® A (r) if 8 dr was added to (34) te get / A (r) w* dr* 
e o 

fhe age value was calculated using equation (13)* The final 
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a ge Values are calculated for 3 Afferent eases its vb leh the 
activities were obtain®# using 

Cl) bare in foils 

<2) cd covered Xa foils 

<3} using (2) an& also the activities of ed cover®# Xa 
covered In foils* 

fable 12 above tbs final results obtained using ban* 

Indian foil* fable 13 shows the results obtained when the 
activities of the foil are not corrected for high energy »u* 
tron contribution * fable 14 shows the final results when the 
activities of the ed covered In foil are corrected for high 
energy neutron activations* thus the final value of age of 
Pu m Be neutron, source to the In resonance with all error® end 
corrections is shewn in table 14* 

@•2 

The Inherent limitations of the experiment are the finite 
slg* of the »©dSw»* finite sis# of the source and foil® which 
represent the theoretical infinite medim* point source and 
point detector foils# The two factors which give rise to 
errors in the age measurement are obviously*, the error in the 
distances measured end the errors in the activities measured* 
The effect of these two errors or the measured age value have 
fefl an ac ti v ated * The m m$mm error in the- distance measurements 
is estimated to be & 0*1 m because the distances were measured 


character of a discontinuous variable as a result of statif- 
ties! fluctuations* Hence the errors in distance ra©asare®ent 


.and acrlvi**^- measurement arc of 3 tatfsti 3 .il nature* The fellow* 
lng basic rules for error estimation have been used* If two 
4 Wfc« <tuantltiea and Bg are erroneous by * r^ and & fg 
respectively, thm 


Error in <It^ ♦ 1^) or ( 


/ 8 2 
l» i/s/^ * * 2 


CSS) 


Error in 


\ % 


As ± 


/ ( X ) 8 + , 'a 
1 % 

# % 2 * B 2 

% ^ ) ♦ t-fl® ) 


) CS6) 


Error in a / a 1# 4; 1r a/ ^ tr ) + (is® ) 
ti **2 p *t *% 

CD 4 

* J A (r) r dr jl 

Mow (tee <t un i ii H IH W .I IK. . H .III * ■■ po- 

fc °P , a «* 

i (ri t ar 

Being *go«M*B (W), tbo error in age ean 1 >e written m 


( 3 ?) 


Error in mse at ± ate 


©^ A (r) r dr ® 


^ A Cr) r 3 dr 

00 4 

error ia . f A (r) r dr 

■we**** «Oge , i ,„.ii weeaw^ew**,*. 

A (r) JT dr 
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CO g 

r Tli* Integral j' A (r) r dr can b© ta&en as a was 
X (C A €r f > r? ♦ A Crf >» s? 4 ,-Hr 4 ._ • r 4 )/2 >* using 

%ts% * * l+l i + * 1+1 1 

tli© trapesoldal rule for integration* I is tbs number of 
points at which activities vara measured* if the error la 
eael* tom of tli© above summation is knova*the error la the 
integral em b© calculated using equation (36)* Denoting 
< A <*1> 4 * A (r 1+1 ) r| n ) by & and { r 1+l - *^5 by B, 
tb© error in tb© 1th term of tb© above summation using ©fjua- 
tlon (36) is given by 

,32 I 

(A <%) % ♦ & (r^) » r^) terror in A^errer in B^2 

2 A B 

Knowing tb© error* In ( i 0*1 cm) and a Crj}$ tb* 

errors la A end B &m easily b© ealculated using eQuatiMss ; 

(3®) mid €36)* By stellar calculations the error in the list®** 

gral A if) r* dr ©an also be calculated* fence the error ; 

© 

in the age vein© ie calculated* The final errors in the mg® 
value are shewn in tables 12$ 13 mi 14 for the $ different 
eases mentioned in (3«2) * 

$*& Mamtaaton 

Because of the finite else of the fell* the aetieity 
acquired by a fell has angular impmimm as the neutron ttm 
l*e*$ the eetieity of the foil is not exactly prepertlettal te 
the flu* at the eentfe of the fell* This Was observed W 
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measuring tt m activities of the front side and lack add® of 
th® foil sod they vere found to be different, The ratio# of 
tli® front to lack activities are tabulated in tables 8, ® and 
10# It lias been shot® by lombard and Blanchard^* tliat tie 
average of front and back activities of a foil is not proper* 
tional to the flux at the centre of the foil# Bat It van 
shmrn by than that the average of front and back activities la 
proportional to the flux if the second and higher Leg endr e 
components of the flux are negligible. This effect wm also 
investigated by Boermer et# al 2 fey measuring the rati© of 
front to back activities of foils of different thicknesses. 

They found that foil thickness upto about 40 sng/ea 2 are «®®n* 
tially flux detectors end over about 120 mg/cm 2 are current 
detectors* Ttm foils used In the present experiment vase of 
1B4*§W mgf^B tSsicjknesft aM hmmm wmm onivtttt 

la the present vojk large In fells* cd covered la fells 
and ®d covered la covered la foils were utilised to find the 
effect® of thermal neutron activity and high energy (high 
mmmr mms energies greater than In resonance energy) acts* 
vlty on the ege value* fhe value of age using all the necessary 
correction* 1# 63,7 & 4*04 cm 2 * The age value obtained by 
Valent® end Sullivan 2 * 1® 68*8 & 8*6 as 2 # They neglected the 
high energy e»trlfeati«i. of the activity a® veil as the effect 
of stainless steel vise and AIumSxmi rod vhlch vere used to 
suspend the source and foil holders la their espertetent* 


ftm value of ago Calculated using the activities of 
bare la foils is S7*03 + 2*S ®s s . This vain# Is greater than, 
the age to la resonance as calculated above vis $3*7 era®* 

This is because the activities are caused not only by In re so* 
nance neutrons but also fey the thermal neutrons. Sere the 
high energy contribution is negligible because the cross see* 
tion of la at high energies is much smaller than the cross 
section at thermal energies* Also, due to diffusion at thermal 
energies* the neutrons sight fee detected at far greater die* 
tance* froa the point vheie they lust theroallsed# The value 
of age t© thermal energy Is greater than the age to In reso- 
nance# Sene® the age value with the bare In foil data is 
greater than the age to In resonance# 

The age value determined using the data of ed covered 
In foil is 60,4 3,® « s . This value is the value obtained 

when the hi# energy contribution of the activity is neglected# 
Hence this value is son© sort of average of the ages be In 
resonance and age to higher energies# Since the age to higher 
energies is smaller than the age to In resource * the age 
determined with the activities mcorrected for high energy 
eoatrifeatie» will be smaller than the value of age t* In 
resonance* 
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